Twenty-seven patients with epilepsy as the only manifestation of a cerebral AVM were seen at the MNI/MNH from 1973 to 1981. The nine females and eighteen males between the ages of fourteen and fifty-four years (Mean 25.2 years) had epilepsy for an average of 3.5 years prior to the diagnosis of AVM.
Epilepsy is a frequent complication of a cerebral arteriovenous malformation (AVM). At our institution, seizures are the presenting complaint in thirty-six per cent of patients with an AVM and cerebrovascular malformations account for six per cent of tumoral and vascular lesions excised for the treatment of focal epilepsy (Leblanc et al, 1979; Rasmussen 1974) . Although many reports attest to the usefulness of computed tomographic (CT) scanning in the detection of surgically amenable lesions in epileptics, few address AVMs in particular (Bauer and Pallua, 1980; Bell et al, 1978; Gastaut and Gastaut, 1976; Jabbari et al, 1980; Loiseau et al, 1977; McGahan et al, 1979) . In those reports specifically concerned with the CT appearance of AVMs most of the scans were obtained after the occurrence of an intracranial hemorrhage so that the predominant finding is an intracerebral hematoma or its secondary effects (Hayward, 1976; Meese et al, 1976; Pressman et al, 1975; Terbrugge et al, 1977) . In such cases, the location of the hematoma and the demonstration of vascular enhancement or of an abnormal blood vessel can suggest the diagnosis of an AVM as opposed to other causes of intracranial hemorrhage (Hayward, 1976; Leblanc et al, 1979) . The present report reviews the clinical and investigational profile of a series of patients in whom epilepsy was the only manifestation of a cerebral AVM, and addresses the usefulness of CT scanning in the early diagnosis of these often surgically amenable lesions.
ANALYSIS OF CASES
Twenty-seven patients with epilepsy as the only manifestation of a cerebral AVM were seen at the Montreal Neurological Institute and Hospital between October, 1973 THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES and October, 1981. The nine females and eighteen males between the ages of fourteen and fifty-four years (mean age 25.2 years) had had a seizure disorder for an average of 3.5 years prior to the diagnosis of the AVM. Patients with Sturge-Weber disease, capillary telangiectasia, venous malformation, and cavernous hemangioma, and patients with a history of intracranial hemorrhage were excluded from this study. The AVMs are characterized as small when they measure 2 cm or less in diameter, and, as large when they measure more than 2 cm in diameter. There were eight small lesions and nineteen large ones. Sixteen patients were operated on and the diagnosis of AVM was confirmed histologically. In the other 11 patients the diagnosis was made from the characteristic findings on angiography. Only one patient had a normal angiogram and a normal CT scan. In that case, the AVM was diagnosed by histological examination of the temporal lobe removed for the surgical control of medically intractable seizures.
Seven patients had primarily generalized seizures, ten had partial seizures with complex symptoms, fourteen had partial seizures with elementary symptoms, and thirteen had secondarily generalized seizures ( Table 1 ). The elementary symptoms exhibited were focal motor in ten cases, aphasic in two cases, somatosensory in two cases, vertiginous in two cases, and visual in one case. The complex symptoms were those classically seen in temporal lobe epilepsy, including automatism in seven cases (Feindel, 1973) . The findings on physical examination are presented in Table 2 . The neurological examination was normal in fourteen cases. Mild negative hemispheric signs such as hemiatrophy, dysphasia, hemianopia or hemiparesis were seen in seven cases, poor intellectual function in two cases and limb ataxia in two cases. A cranial or cervical bruit was heard in three cases. An EEG was obtained in all cases, but most were obtained with the patient on therapeutic doses of anticonvulsant medication. The EEG was normal in ten cases. Predominantly focal or diffuse non-epileptiform activity was seen in six cases, and predominantly focal epileptiform activity was seen in eleven cases.
Cerebral angiography was performed at four films per second in all cases and demonstrated the AVM in twenty-one cases. All the lesions were supratentorial and involved mainly the fronto-temporal areas, with the parietal and occipital areas involved to a lesser degree ( Table 1 ). The AVMs were supplied by branches of the middle cerebral artery in sixteen cases, from the anterior cerebral artery in eleven cases and from the posterior cerebral artery in six cases. Three frontal lesions received some of their arterial supply from the contralateral anterior cerebral artery. Four small and two predominantly thrombosed large AVMs were not demonstrated by angiography. Three were in the frontal and three in the temporal lobe.
All the patients had a non-infused CT scan performed with an EMI head or body scanner and nineteen patients had a CT scan performed after the intravenous infusion of contrast material (Ethier et al, 1974) (Table 3) . Four plain CT scans were normal but two of these demonstrated vascular enhancement with the infused study. A high density lesion without a mass effect was seen in thirteen noninfused CT scans, and a high density lesion with compression of the lateral ventricle by the angiomatous mass was seen in two plain CT scans. Signs of cerebral atrophy, seen as enlargement of the ipsilateral ventricle or Sylvian fissure or as diffuse non-obstructive ventricular enlargement, were seen in ten cases. Vascular enhancement was seen in three of the seven small and in all of the twelve large lesions submitted to CT scanning after intravenous infusion of contrast material. An abnormal blood vessel was demonstrated in six of twelve large lesions following infusion studies (Figure 1) .
The non-infused CT scan was abnormal in all but one of the angiographically occult AVMs, and demonstrated a high or low density lesion often interpreted as a glioma. (Table 4 ). In the sixth angiographically occult case the CT scan also was normal. The small AVM was discovered at the time of histological examination of the temporal lobe removed for the surgical treatment of medically intractable seizures. Vascular enhancement was seen in two of the angiographically occult lesions, thereby demonstrating their vascular nature where angiography had failed to do so.
The diagnosis of AVM was confirmed by histological examination in all sixteen cases operated on. In seven cases, focal areas of hemosiderin deposition were noted in the walls of the abnormal blood vessels, in the parenchyma of the surrounding brain or in associated macrophages; in two of these cases there was other histological evidence suggestive of a remote intracranial hemorrhage. All but two of the angiographically occult AVMs showed extensive thrombosis and focal hemosiderin deposition. 
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DISCUSSION
Most of the lesions in this series were greater than 2 cm in diameter. This likely reflects the increased probability of hemorrhage from smaller lesions and the tendency of larger ones to present with epilepsy (Gerlach, 1969; Mingrino 1978) . Although all patients with a history suggestive of an intracranial hemorrhage were excluded from study, the finding of focal hemosiderin deposition in seven cases raises the possibility of a subclinical or unrecognized intracranial hemorrhage. Other histological evidence suggestive of remote hemorrhage was, however, found in only two of these patients. In the other five, it may be that the focal hemosiderin deposition resulted from diapedesis of red blood cells through abnormally permeable blood vessels. Altered permeability of the abnormal blood vessels of cerebral AVMs, cavernous hemangiomas, and of the blood vessels associated with subacute necrotic myelopathy (FoixAlajouanine syndrome) has recently been demonstrated (Krieger et al, 1982) . Three patients with mild negative hemispheric signs and four with atrophic changes on CT scanning had focal hemosiderin deposition. In the other patients with clinical signs and/or with a CT scan suggestive of an atrophic process, these findings may be related to the presence of chronic cerebral ischemia resulting from shunting of blood, within the AVM, away from the adjacent brain. The existence of such a phenomenon accompanying a cerebral AVM, and its reversal with obliteration of the arteriovenous fistula at the time of operation, has been demonstrated by Feindel and co-workers (Feindel et al, 1977) . Recently, with positron emission tomography (PET) scanning, it has been possible to identify two groups of AVMs; those with a high shunt flow and regional cerebral "steal" involving the cortex and subcortical zone, and those with minimal or moderate shunting and a periangiomatous steal (Feindel et al, 1981) .
There was good correlation between the location of the lesion and the type of seizures encountered. Complex symptoms in the form of rage attacks, feelings of fear and panic and bouts of uncontrollable laughter, however, were seen in three patients with a frontal AVM. In two of these cases simple symptoms and secondary generalization were also seen as part of the clinical picture.
Angiography failed to demonstrate six histologically verified AVMs. In this angiographically occult group, the most common angiographic abnormality was a hypovascular mass. CT scanning was abnormal in all but one of these cases and showed vascular enhancement in 2 of 5 cases thereby demonstrating the vascular nature of the lesions where angiography had failed to do so. The occurrence of angiographically occult AVMs has been recognized with increasing frequency since the advent of CT scanning (Becker, 1979; Bell et al, 1978; Leblanc and Ethier, 1981) . Histologically, they often show marked thrombosis and focal hemosiderin deposition (Leblanc and Ethier, 1981) .
CT scanning is useful in the investigation of patients with epilepsy. A cerebral arteriovenous malformation is suspected in an epileptic when a high or low density enhancing lesion is associated with signs of cerebral atrophy in the form of enlargement of the ipsilateral ventricle or Sylvian fissure or diffuse ventricular enlargement in the absence of obstruction. This is especially so if an abnormal blood vessel is demonstrated with the infusion study. (Figure 1 ). The CT appearance is helpful in differentiating AVMs from cerebral tumours which often have a mass effect. As previously noted by McRea, however, and as was the case in two of our patients, the angiomatous mass itself can indent the contour of the ipsilateral ventricle (McRea and Valentino, 1958) .
A special problem arises in the case of patients with epilepsy from an AVM that has not bled whose angiogram fails to demonstrate a lesion and in whom the CT scan is normal or demonstrates only indirect evidence of an AVM. Operation in these patients is performed for the surgical treatment of medically intractable seizures, the site of operation being determined by our usual criteria. (McNaughton and Rasmussen, 1975) . In these cases, the diagnosis of AVM is made postoperatively by the histological examination of the surgical specimen composed of the AVM and associated epileptogenic brain tissue.
Nearly seventy per cent of patients with epilepsy from a cerebral vascular malformation in whom the vascular malformation and associated epileptogenic brain tissue can be excised will remain seizure-free or nearly so (Rasmussen, 1974) . At the same time, protection against a future hemorrhage is assured. It is hoped that CT scanning will lead to the earlier diagnosis and treatment of cerebral arteriovenous malformations.
